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A SPHYGMOGRAPH USING A CARBON GRAIN MICRO- 
PHONE AND THE STRING GALVANOMETER! 


ROY H. TURNER, M.D. 


From the Cardiographic Laboratories of Johns Hopkins University and Hospital, Yale 
> University and New Haven Hospital, and Tulane 
University and the Charity Hospital 


INTRODUCTION 


Of the large number of devices which have been used for recording 
arterial and venous pulsations, none is free of serious fault. Those 
which depend upon a system of levers for recording are obviously 
inaccurate, owing to the inertia and fling of the moving parts. The 
only two types worthy of serious consideration for use where accuracy 
is required are the segment-capsule-mirror type, used with such 
success by Wiggers (1), and the hot wire sphygmograph developed by 
A. V. Hill (2). The former probably gives the most accurate picture 
of the pulse of any method heretofore used. However, the method 
has been developed principally for use with experimental animals 
in which the vessels could be cannulated, and for any clinical study is 
used with extreme difficulty. The sphygmograph of A. V. Hill has 
been studied exhaustively by Bramwel!, who used it for measuring the 
velocity of the pulse wave. He points out many factors which may be 
a source of error. Its chief faults are that it does not give a true 
picture of the pulsation being recorded, and that the hot wire is likely 
to burn out. In recording a simple pulsation with a single rise and 
fall, the tracing shows two peaks, one for the rise and one for the fall. 


Interpreting such a tracing of a complicated series of pulsations such 


as that of the jugular vein is practically impossible. It has also a 
decided disadvantage when used for measuring the velocity of the 
pulse wave, for when applied over the carotid or other vessel where the 
cuff of a sphygmomanometer cannot be applied, it is impossible to 
know what portion of the upstroke of the pulse wave causes deflection 
of the string. In 1924, during the development of the instrument 
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2 ROY H. TURNER 


here reported, Waud (3) published a brief description of a sphygmo- 
graph which used a carbon grain microphone, a lever actuated by a 
solenoid being employed as the recording instrument. Waud’s chief 
claim was for wide excursion; and no tests for sensitivity, as compared 
with such an instrument as the string galvanometer, were reported. 
The present report deals with an attempt to develop a sphygmograph 
utilizing the string galvanometer as the recording instrument. An 
attempt has been made to introduce nothing into the mechanism which 
would cause a loss of any of the sensitivity of the string galvanometer. 
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Fic. 1. SCHEME SHOWING PRINCIPLE ON WHICH INSTRUMENT Is BASED AND THE 
WIRING DIAGRAM 


Pulse wave in artery transmits pressure through button, Bn, and disc, Ds, to 
carbon grains, C. Direct current from 1.5 volt dry battery B is made to pulsate. 
The carbon grains used are made by grinding arc-light carbons to grains less than 
0.5 mm. in diameter; nine parts by weight are mixed with one part of a mixture of 
what appears to be fine mica shavings and graphite dust obtained from a commer- 
cial resistance unit. (See footnote 2.) VR= variable resistance unit (see footnote 
2) 800 to 1000 ohms. Sk = shunt made of straight piece of German-silver wire, 
B. & S. gauge No. 27, 60 cm. long; resistance 1.75 ohms; sliding contact which will 
not open. S = switch. CB = galvanometer control box. GS = galvanometer 
string. 


DESCRIPTION OF INSTRUMENT AND METHOD 


The principles involved and the wiring diagram are shown in Figure 
1. The pulsation being studied produces pressure changes on the 
carbon grains contained in the microphone chamber, which cause the 
electric current, flowing through the microphone, to fluctuate. These 
variations in voltage are recorded by photographing the shadow of the 
galvanometer string. Only a small fraction of the current is led 
through the string, most of it passing through a shunt. 
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A SPHYGMOGRAPH FOR CLINICAL 





Fic. 2. MICROPHONE AND MOUNTING FOR RADIAL ARTERY (ONE-HALF ACTUAL 
SIZE) 

B = fiber button. BP = binding post No. 1 for W 1. Dm. = diaphragm of 
thin white kid leather used for testing eye knives. RG = ring holding diaphragm 
in place. Mc = microphone chamber fastened to BB. BP 2 = binding post No. 
2 for W 2. BB = bakelite bar notched at ends for spring, S /, insulates micro- 
phone chamber from remainder of instrument. CT = cleat which fastens spring 
S 2 to microphone chamber. S / = spring which bears total pressure of button 
over vessel, made of largest size Elgin watch-spring, reinforced by pieces of stronger 

W 1 = wire No.1. CBJ = cross bar into which 
the threaded square stem 7S is rigidly fixed. S 2 = spring for regulating working 
pressure on the microphone, made of largest size Elgin watch-spring. CB 2 = 
cross bar which slides upon 7S, governed by VN J. N / = nut for adjusting work- 
ing pressure on microphone. W 2 = wire No.2. N 2 = nut for accurate adjust 
ment of total pressure of microphone button over vessel. SW J = screw for mak- 
H = friction hinge. 


spring (Waltham auto clock). 


ing swivel joint rigid. 
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The method of mounting the microphone over the vessel, (Figs. 
2, 3, 4), adopted after much experimentation, is a radical departure 
from those in general use in sphygmographs. On account of the great 


accuracy required in adjustment of pressure of the carbon grains, any 
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Fic. 3. MICROPHONE AND MOUNTING ESPECIALLY DESIGNED FOR DEEP VESSELS 
(ONE-FOURTH ACTUAL SIZE) 


Same as that in Figure 2 except as follows: 4 P = fiber part of four prongs 
surrounding microphone button B and transmitting through springs S 3 and rigid 
side arms SA and cross bar CB 3 to the threaded stem 7S the force necessary to 
press deep into neck. 


bracelet type of mounting is doomed to failure. Each microphone is 
supported by an upright floor stand, and its button is adjusted over the 
vessel of a part of the body that is supported in a fixed position. Ap- 
proximate adjustment is made by manipulating hinges and extension 
joints, and fine adjustment, by changing tension on the two hoop-like 
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springs, one of which regulates the total pressure over the vessel and 
the other the pressure on the microphone. This shape of the spring 
makes for compactness and allows adjustment along one axis, perpen- 
dicular to the vessel. Figure 3 shows the type of mounting especially 











Fic. 4. ARRANGEMENT OF PATIENT FOR RECORDING EITHER RADIAL OR CAROTID 
SPHYGMOGRAM SIMULTANEOUSLY WITH THE ELECTROCARDIOGRAM 


Microphones may be adjusted equally well upon patient in prone position. 
Subject’s arm and hand insulated from support by wrappings of paper, not shown 
in photograph. 


devised for use over the carotid or other deep artery, differing from that 
used over the radial in only two important features. One of these 
makes possible the application of the microphone in such a wide variety 
of positions that it may be placed over practically any vessel inthe body. 
Since in many patients the carotid artery lies beneath a very thick 
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layer of tissues, it is useful to introduce a device which would relieve 
the sensitive button of the additional pressure caused by these tissues. 
To accomplish this, a part consisting of four prongs, surrounding the 
sensitive button, is so mounted that the pressure produced by thrust- 
ing deep into the soft part of the neck is transmitted to a rigid and 
insensitive portion of the mounting. This, also, steadies the entire 
piece of apparatus. Figure + shows the two microphones applied over 
the radial and carotid arteries of a patient prepared for recording the 
electrocardiogram. ‘This is the arrangement used in measuring the 
velocity of the pulse wave. In practice the following routine is used: 
The protective resistance of the string is set at “infinity.” The 
button is adjusted over the vessel at a pressure that experience indi- 
cates may be satisfactory. The pressure on the microphone is 
adjusted at a negative point. The string is thrown in gradually. 
Positive pressure on the microphone spring is then increased very 
gradually until the deviations of the string shadow are such as are 
desired. Each time any radical adjustment is to be made, the string 
should be protected. If the pressure over the vessel is inadequate, 
only the tips of the peaks will be recorded; if it is too great, sensitivity 
of the instrument will be dampened. 


EXPERIMENTAL 


It is very important to determine whether pressure changes on the 
carbon grains bring about immediate or delayed deviation of the 
string. This was put to experimental test in the following manner: 
Two string galvanometers were focused upon the same moving photo- 
graphic ribbon with a common time marker; one was used as the 
recording part of the microphone sphygmograph under test and the 
other as a signal to indicate the instant at which increased pressure, in 
the form of a blow on the microphone knob, was brought about. Any 
delay in response should in this way be indicated on the photograph 
by the interval between the points of deviation of the two strings. 
A light metal bar was used as a hammer to strike the blow. A strip of 
bakelite was placed over the knob to keep the two circuits separate. 
Over this was placed a small brass plate to receive the blow. When 
the “hammer” was tapped on this plate, pressure on the carbon 
grains of the microphone was increased, and circuit through the signal 
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galvanometer was established. The circuit of the marker galvanom- 
eter was identical with that used with the microphone except that 
the brass plate and hammer were substituted for the microphone, allow- 
ing no flow through the galvanometer string except when the hammer 
tapped the plate. The shunt in the signal circuit was so adjusted as 
to prevent dangerous deviation of the string. The results of three such 
tests are shown in Figure 5. With the film moving at the rate of 52 
mm. per second (shortest time marks ; second) the two strings appear 
to have moved at the same instant. Further tests with a film speed of 
110 mm. a second, in which the flash of a helium glow lamp was used as 


















Fic. 5. REcoRpDs OF THREE TESTS SHOWING APPARENT ABSENCE OF LAG IN 
MICROPHONE SPHYGMOGRAPH 


M = shadow of string connected with microphone under test. S = shadow of 
string used as signal. Breaks in S at arrow indicate the instant when increased 
pressure was applied to microphone button. Smallest time divisions are »'; second. 


a marker, showed that the lag of the instrument, if present, was less 
than one-thousandth of a second. This test and the others here 
described were made on both microphones of the instrument without 
revealing significant differences beween them. 

Having determined that the microphone and wiring system were 
free from lag, a study was made of the resistance characteristics of the 
microphone. Variation of the pressure upon the carbon grains was 
made by increasing the tension of the spring S 2 (Fig. 2) by turning 
the nut V J. The resistance was measured after each one-tenth of a 
turn was made. The curve in Figure 6 shows the results obtained by 
one complete turn of the nut increasing the pressure of the micro- 
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phone. A turn then made in the opposite direction gave a practically 
identical curve. 

The amount of motion of the microphone button involved in bringing 
about a given deviation of the string shadow was measured. For this 
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Fic. 6, Errect OF PRESSURE ON RESISTANCE OF MICROPHONE 
Test began with microphone diaphragm in neutral position; resistance—10,000 
ohms. Curve shows effect on resistance of one complete turn increasing the 
inch, 


pressure by moving nut NV / by »'; 
purpose a system of steel levers was set up so that the turning of a fine 
micrometer screw brought about extremely small, but known, move- 
ment of the microphone button, the microphone chamber remaining 
stationary. The deflection of the string shadow was recorded. For 
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the routine ranges of microphone pressure and shunt resistance, a 
movement of ten micra caused a deflection of the string shadow of 12 
mm., indicating that the movement of the button is multiplied by 1200. 

Tracings were made of the radial pulse of a normal individual using 
different pressures on the microphone without changing to any 
marked degree the total pressure of the button over the artery. ‘Three 








Fic. 7. RADIAL SPHYGMOGRAMS OF SAME PATIENT 


Peaks of different height obtained by varying the working pressure on the 
microphone. Various time elements unaffected by height of peaks. 


of these records are shown in Figure 7. It will be noted that they differ 
chiefly in the height of the peaks. The higher peaks were taken when 
the microphone was under less pressure than when those less high were 
made. When the various time intervals, z.e., length of upstroke, are 
measured in a number of tracings of varying height, they are found not 
to be influenced by the height of the peaks. 
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The possibilities which the instrument offers as a method for deter- 
mining the velocity of the pulse wave were tested. Using two string 
galvanometers focused upon the same moving film, simultaneous 
electrocardiogram and radial or carotid sphygmogram were made on 
five individuals. Measuring from the Q or R wave to the beginning 
of upstroke of the pulse wave for ten successive heart beats on each 
record, the maximum variation was found to be less than one per cent. 
















































































































































































Fic. 8. 


Upper is a record on one film of electrocardiogram (£CG) and radial sphygmo- 


gram. 


Lower shows jugular sphygmogram (Jug) of same patient substituted for radial. 
DISCUSSION 


It would be very desirable to know whether the tracings made with 





this instrument are accurate representations of the pulsations which 
they record. No entirely conclusive data are presented; such would 
require very elaborate mathematical studies. Certainly, records of 
radial, carotid, and jugular pulsations made with this instrument 
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agree with the accepted standard for such pulsations, namely, those 
made by Wiggers’ segment capsule sphygmograph. ‘The characteris- 
tics of the microphone and the fact that peaks of different heights may 
be obtained merely by varying the working pressure of the microphone, 
and not the pressure of the button over the artery, indicate that, 
unless some method of standardization of microphone pressure can be 
introduced, no important interpretation of mere height of peaks can 
be made. Such a standardization is not beyond the range of prac- 
ticability. It is quite evident from the absence of lag, which the 
instrument exhibits to a remarkable degree, and from the measure- 
ments of time elements of many tracings on a given individual that, as 
as far as time is concerned, great accuracy is exhibited. Where a 
galvanometer with two strings, or two galvanometers, are available, the 
method can be used with great ease in either of two ways in measuring 
the velocity of the pulse wave. In either case, one microphone is 
applied over the right radial artery and the other over the right 
carotid artery as in Bramwell’s method (4). By the first method, a 
simultaneous record of the electrocardiogram and the carotid sphymo- 
gram is made, then the electrocardiogram and the radial sphygmo- 
gram. Measurements are made from the Q of the electrocardiogram, 
and the figure obtained in the case of the carotid is subtracted from 
that of the radial. Measurements in meters are made from the junc- 
tion of the sternum and clavicle to the points of application of the two 
microphones. The distance to the point over the carotid is subtracted 
from that to the point over the radial. If the latter figure in meters 
is divided by the fraction of a second obtained above, the velocity of 
the pulse wave in meters per second is obtained. Instead of the radial, 
the femoral, popliteal, and dorsalis pedis may be used. Attempts to 
record the simultaneous electrocardiogram and sphygmogram with 
one galvanometer have been unsuccessful. However, this is not at all 
impossible. 

By the second method, the two sphygmograms are recorded simul- 
taneously, and measurement is made from the beginning of the up- 
stroke of the carotid sphygmogram to that of the radial. It has the 
advantage that measurements of the velocity of a single pulse wave 
can be made, and rapidly changing factors that may influence pulse 
wave velocity are eliminated. 
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In the early stages of the work, several galvanometer strings were 
destroyed. It was this accident which delayed its completion and 
publication for several years. This difficulty has been, for all practical 
purposes, obviated. The greatest dangers arise from the use of too 
great a resistance in the shunt and too little in the microphone. If 
either of these conditions exist, a strong, constant current must be 
neutralized in the control box. When that is true, there are balanced 
against each other two potentials which may cause current flow 
through the string in opposite directions. If these two are equal, the 
string receives no current and stays inthe neutral position. However, 
if either the control box circuit or the microphone circuit is suddenly 
broken, the current of the other may be strong enough to destroy the 
string. The shunt should have a resistance of less than two ohms. 
When the microphone spring S 2 is at neutral tension, neither exerting 
pressure or pull on the microphone, and the button is pointing horizon- 
tally, the resistance of the microphone should be at least ten thousand 
ohms. An additional safeguard is provided by inserting a variable 
resistance unit (Fig. 1, V R) in the microphone circuit between the 
battery and the microphone. Its resistance should be a little less than 
the lower working level of resistance of the microphone.” 

It is possible that there is some distortion of the curve in the arterial 
tracings due to the inertia or momentum of the microphone chamber, 
contents and attached parts. The pulse wave lifts these as it passes 
under the button. This motion is extremely small and for the ordinary 
radial pulse barely discernible; it is not believed to be an important 
factor. 

The application and adjustment of the microphones and the taking 
of records is easy after a little practice. It should not require more 
than ten minutes when records from two vessels are desired. Any 
pulsation which can be palpated easily by the finger can be recorded 
without difficulty. Very weak pulsations require more patience. 


* Such a variable resistance is furnished for radio receivers under the trade name 
of “‘Clarostat,’’ manufactured by the American Mechanical Laboratories, Incor- 
porated, Brooklyn, New York. 
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SUMMARY 


A sphygmograph for clinical and experimental purposes, using the 
string galvanometer as a recording instrument, is described and its 
possibilities indicated. 

A carbon grain microphone mounted over the vessel, through varia- 
tion in pressure, causes the current passing through to pulsate. These 
current pulsations are recorded by photographing the shadow of the 
galvanometer string. 

The microphone functions largely as a result of pressure changes 
rather than movement of parts. 

The instrument is without demonstrable lag. 

Records show a form agreeing with accepted standards. 

Records exhibit accuracy of the time element. 


The instrument is easy to use. 


The writer is indebted to Dr. F. R. Dieuaide, who, during the early 
stages of the work, gave generously of his time and advice; to Dr. E. 
P. Carter, in whose laboratory the problem was begun, for his stimu- 
lating interest; to Dr. H. M. Marvin for his encouragement and 
patient forbearance when his own work was interfered with; to Mr. 
Frank Demandre, of the Surgical Supply Company of New Orleans, 
who made the microphones and mounts, for his beautiful crafts- 
manship. 
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A METHOD FOR MEASURING THE VELOCITY OF THE 
PULSE WAVE IN WHICH HELIUM GLOW LAMPS 
ARE USED AS MARKERS! 


ROY H. TURNER, M.D, 


From the Department of Medicine, Tulane University School of Medicine and the 
Cardiographic Laboratory of Charity Hospital, New Orleans. Aided by a 
grant from the Schwarts Research Fund 


Bramwell’s (1) studies in velocity of the pulse wave have aroused 
anew the interest in this mode of study of arteriosclerosis and hyper- 
tension. That the hot wire sphygmograph (2) used by him does not 
lend itself to clinical studies may be suspected from the fact that he 
reports having studied but three abnormal cases. The writer has 
described elsewhere (3) a sphygmograph utilizing the carbon grain 
microphone and string galvanometer. It lends itself to easy and 
accurate measurement of the pulse wave velocity. However, it re- 
quires the use of either a double string galvanometer or two galvanom- 
eters recording on the same film. During the early stages of its use 
considerable difficulty was experienced from the destruction of strings 
by excessive current. Seeking a more rugged recording instrument 
and one that would allow such studies when only one galvanometer 
was available, the use of helium-filled glow lamps as recorders has been 
attempted. A preliminary report has been published elsewhere (5). 

The helium-filled glow lamp was developed in the laboratories of the 
General Electric Company and described by Porter and Prideaux (4). 
It is said to possess the power of becoming lighted and extinguished in 
a millionth of asecond. It differs from its predecessor, the neon-filled 
glow lamp, mainly in its spectrum and increased difficulty of manu- 
facture. While neon gives an orange light which has little effect on the 
ordinary photographic film, the helium lamp gives a whitish light 
which photographs readily. It does not become lighted until the 
potential across its electrodes passes above 120 volts. Then light is 
produced by ionization of the helium gas. The instrument here 


' Received for publication April 23, 1928. 
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METHOD FOR MEASURING VELOCITY OF PULSE WAVE 1 


described is so designed that the arrival of the pulse wave at a given 
point causes the lighting of the lamp. This flash is photographed on 
the moving film. 

A microphone, such as that used in the sphygmograph already 
described (3), is so mounted directly over the artery, that the pulse, by 
varying the pressure on the carbon granules in the chamber causes 
fluctuations in the direct current passing through it. An amplifying 
unit and complete wiring scheme are shown in Figure 2. It increases 


Lane N 











Fic. 1. ScHEMA ILLUSTRATING PRINCIPLE OF INSTRUMENT 


Mic N = microphone over carotid. B = battery supplying current through 
microphone. AMPL = amplifying device for raising potential to level sufficient 
to cause flashes of lamp. Lamp JW flashes when pulse wave passes under carotid 
microphone and lamp W flashes for the radial microphone Mic W. Flashes re- 
corded on film along with electrocardiogram. 


the potential of this current to such a high level that the lamp is 
unlighted only when the artery is exerting least pressure on the 
microphone. This period is practically always that which just 
precedes the “‘upstroke’’ of the pulse wave. Two such systems are 
used, one with a microphone over the carotid, Mic N (Fig. 1), ai." the 
other over some more distant artery, say the radial, Mic W. Flashes 
from the lamps of each of these systems are photographed on the time- 
marked photographic ribbon along with the electrocardiogram. The 
measurement in seconds from one element of the ventricular complex 
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of the electrocardiogram, say R, to the beginning of the flash of lamp 
N (RN?) is subtracted from a similar measurement for flash W (RW1) 
The distance is measured in meters from the junction of sternum and 

right clavicle, J, to microphone V (JNd) and its value subtracted 

from that obtained by measuring from J to Mic W (JWd). Then 
, JWd — JNd ‘ a , 

V = , when ? is velocity in meters per second. Such a 


RWt — RNi 


D Cf Bi Cz B2 cs BS 
4:xV SV 67V 44V OSV ieV L 270V 
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Fic. 2. COMPLETE WIRING PLAN, ONE Unit oF INSTRUMENT 
M = carbon grain microphone. J/ = irreversible plug. S 1 = switch, push- 
pulltype. D,CJ1,C2,C3,B1-B2, B 3, dry batteries; number of volts as shown. 
R1 = variable resistance. Clarostat about 2 megohms. JT / = vacuum tube. 


Cunningham No. CX-300—A. TJ 2 = vacuum tube pliotron No. PR-I-C. T3= 
vacuum tube R. C. A. No. 201-A. R2 = variable resistor, clarostat, about 0.1 
megohm. RJ = fixed resistor—2 megohms. J 2 = irreversible plug. L = 
helium-filled glow lamp. S2 = switch, push-pull type. A = storage battery— 
6 volts. 


record is shown in Figure 3. The device for focusing the flashes of the 
lamps upon the film in the electrocardiographic camera is shown in 
Figures 4and5. The optical diagram is shown in Figure 6. 

In measuring the velocity of the pulse wave in a human subject, the 
procedure is as follows: one observer operates the string galvanometer 
and another the instrument described above. The switch Sy (Fig. 2) 
is closed, and the helium lamps are kept just at the extinction point for 
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3 minutes by adjusting the resistance R, (Fig. 2) foreachlamp. After 
this time a constant temperature level of vacuum tubes and resistance 
units will have been reached and little further adjustment will be 
required. The patient is prepared for the recording of the electro- 
cardiogram, leads being taken from the left arm and leg. The micro- 


phones are applied over the carotid (point .V) and over the radial at 


the wrist point (W’), as shown elsewhere (3). 


Fic. 4. Opticat DEVICE FOR FOCUSING FLASHES ON ELECTROCARDIOGRAPHIC FILM 

Device rests on three set screws, Sc, which fit into sockets prepared for them 
on the camera table (see Fig. 5). It is held tightly in these sockets by the spring, 
Sp. Each optical unit consists of mirror M, lamp ZL, and lens housing H, con- 
taining the parts SL, P,CL -1 (see Fig.6). Space 2 cm. wide between the two units 
is left for recording the electrocardiogram, 


The microphone button is applied over the artery at a trial pressure; 
the pressure on the microphone itself is reduced to a negative value by 
adjusting its spring. That the lamp is at the extinction point is 
verified by changing the resistance in R.. Switch S / is closed. The 
lamp should remain unlighted. The pressure on the microphone is 
then adjusted by gradually increasing the tension on its spring. If 
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the trial pressure of the microphone button is correct, regular flashes 
of the lamp coincident with the arrival of the pulse wave beneath the 
microphone button will soon appear. Pressure on the microphone is 
increased until the flashes become so long that they are almost continu- 
ous, showing only extremely brief regular unlighted periods. In all 
cases except those showing definite bradycardia such long flashes are 
obtainable and necessary. If the pressure of the button over the 
artery is insufficient, only short flashes are obtained. Flashes from 





Fic. 5. Optica, DEVICE IN POSITION ON THE ELECTROCARDIOGRAPHIC 
CAMERA—SIDE VIEW 


both lamps are recorded simultaneously with the electrocardiogram 
Or, if the patient is restless or accurate adjustment is for any other 


reason difficult, only one microphone and its unit may be employed at 
a time and recorded along with the electrocardiogram. This should 
not be done in cases showing rapid and wide fluctuation of blood 
pressure. 


Any instrument proposed for measuring the velocity of the pulse 
wave must be practically free from lag. The instrument was tested for 
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lag in the following manner: A blow on the microphone button was 
used to light the lamp, the flash of which was photographed on the 
same film as was the shadow of the galvanometer string used as a 
signal. A wiring system described elsewhere (3) caused the galvanom- 
eter string to deviate the instant the hammer struck the microphone 
button. Figure 7 shows that the lag, if present, is less than jy 99 
second. This and other tests mentioned in this report were performed 
for both microphones and for both amplifying and recording units of 


the instrument, with similar results. 
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Fic. 6. OpticaAt DIAGRAM. Sipe View; SAME SCALE AS PHOTOGRAPH IN FIGURE 5 

M = spherical mirror with radius of curvature 30 mm. with center at source of 
light. L = lamp. SL = spherical condenser, focal length of 46 mm. P = right 
angle prism. CZ-J = 16 diopter cylindrical lens, axis vertical. CL-2 = cylin 
drical lens with axis horizontal—a part of the camera—focuses parallel rays on a 
horizontal line across the film, F, which moves downward over the roller R. S 
screen of thin metal with a slit 0.75 mm. wide which coincides with the line of focus 
of parallelrays. It prevents light striking anywhere else than in this line. 


The motion of the microphone button required to cause brilliant 
lighting of its lamp was determined by the use of a system of steel 
levers moved by a micrometer screw, so that very small, but measured 
movement of the button could be made. In the ranges of microphone 
pressure routinely used a movement of 8 micra is sufficient to cause 
lighting to full brilliancy. This is true only when R, (Fig. 2) is properly 
adjusted, as already described. Then it is practically impossible to 
touch the button with the finger so lightly that the lamp will not 
light. 
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STRING GALVANOMETER 
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TESTS FOR LAG 
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Disappearance of string shadow indicated the instant pressure is increased on microphone. 
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The fact that light flashes without measurable lag after the micro- 
phone button is struck with a hammer is no proof that it will indicate 


ul 








8. Wrrinc DIAGRAM SHOWING CHANGES TO BE MADE IN THAT SHOWN IN 
FIGURE 2, IN ORDER TO RECORD SIMULTANEOUSLY THE SPHYMOGRAM 
AND Lamp FLaAsHes, UsInG ONE MICROPHONE 


FIG. 


Fic. 9. RECORD OF FLASHES RECORDED SIMULTANEOUSLY WITH SPHYGMOGRAM 
(PRINTED FROM FILM RATHER THAN BROMIDE PAPER RIBBON) 


. . . . . - . . 1 
Flashes begin with the beginning of upstroke. Smallest time marks are 55 


second. 


the arrival of the first part of the pulse wave, for the pulse wave exerts, 
The 


by comparison, gradual and gentle pressure rather than a blow. 
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METHOD FOR MEASURING 


VELOCITY OF PULSE 


WAVE 2: 


wa 


time relations of the flashes to the pulse were determined by photo- 


graphing them simultaneously with a sphygmogram recorded by the 


string galvanometer connected with the same microphone responsible 


BLOOD 


DIAGNOSIS 


PRESSURE 
Normal 130/80 
Normal 115/60 
Arteriosclerosis 185/120 
Arteriosclerosis 130/90 
Arteriosclerosis 185/90 


* Figures in parentheses 


for initiating the flashes of the lamp. 


to 
77) 


48 


68 


60 


TABLE I 


SWad 


60 


66 


70 


60 


2 

? 

2 
10 240 

2 

) 


230 
228 
220 
7 220 
220 


(224) 


218 
217 
9 218 
219 
(218) 


206 
210 
‘ 212 
213 
207 


(207) 


161 
158 
168 
162 
160 
(161) 


139 
143 
143 
130 
142 
(140 


122 
128 
120 
128 
116 


(123 


140 
150 
140 
148 


an 
oo 


(144) 


167 
174 
145 
165 
163 
(163 


117 
118 
117 
118 
132 


(122 


represent the average of the readings above. 


There was recorded 


, then, on 


the same film a graphic representation of the pulse waves along with 


the photographed flashes that the pulse waves initiated. Figure 
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9 shows the flash beginning with the upstroke. The accuracy of such 
a sphygmogram has been considered in a previous report (3). The 
wiring diagram for making the two records may be obtained by com- 
bining Figures 2 and 8. 

In recording the flashes simu!taneously with the sphygmogram, it is 
necessary for accurate results that the gap between flashes, for the 
usual pulse rates, should not exceed 0.080 second and should be 
approximately the same for the two records. Owing to slight move- 
ment of the subject with respiration or for other causes it is usually 
impossible ‘to get a large number of successive flashes which are 
sufficiently long to be accurate. In determining pulse wave velocity, 
an average of five measurements is taken for each record studied, 
only those with short breaks in the flashes being utilized. Where 
there is a maximum variation among these measurements of more than 
0.020 second, the record is discarded as unsatisfactory. 

Measurements in several cases are shown in Table I. 


A study of pulse wave velocity in a group of cases showing arterio- 


sclerosis and hypertension will be reported later by Dr. George R. 
Herrmann and the writer. 

The suitability of such a method for measuring pulse wave velocity 
depends upon whether the beginning of the flash from the carotid 
represents the same relative position of the upstroke as the other 
flash for the radial. That it has done so in the cases studied with a 
simultaneous sphygmogram, does not prove that it would always do 
so. But when one considers the form of accurate arterial tracings, 
it seems unlikely that there is slight source for error if the unlighted 
gaps are kept as short as 0.08 second and about equal for the two 
records. Error can enter then only through there being marked 
difference in the form of carotid and radial pulse waves of the given 
subject. Since such a gap between flashes is a representation chiefly 
of the flattened out descending limb of the sphygmogram, and no more 
than a small fraction of the gap can represent upstroke, the chances of 
error seem small. 


SUMMARY 


An instrument and method for measuring the velocity of the pulse 


wave is described. 





METHOD FOR MEASURING VELOCITY OF PULSE WAVE 


The flashes of helium-filled glow lamps photographed on the moving 
film serve to indicate the time of arrival of the pulse under carbon- 
grain microphones. 

The instrument is without demonstrable lag. 

The beginning of the flash may be made to coincide with the begin- 
ning of the upstroke of the sphygmogram. 

Detailed data for determination of pulse wave velocity in six 


subjects are presented. 


The writer is indebted to Dr. J. H. Musser for encouragement and 
opportunity; to Dr. George R. Herrmann for much valuable help; to 
Mr. J. V. Ponder, Chief Engineer of Charity Hospital, for many 


courtesies; to Mr. Paul Delaup for help in wiring the scheme of the 
amplifiers; to Dr. D. S. Elliott, of the Physics Department, for many 
valuable suggestions; and to Mrs. H. J. Grass for technical assistance. 
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THREE CASES OF STREPTOCOCCIC PUERPERAL 
INFECTION WITH UNUSUAL LESIONS 
JOHN W. HARRIS, M.D. anv J. HOWARD BROWN, Fu.D. 


From the Departments of Obstetrics and Pathology and Bacteriology, the Johns Hopkins 
Hospital and University 


In the course of a clinical and bacteriological study of 113 cases of 
streptococcic puerperal infection, which we are now completing, there 
occurred 3 cases of such unusual interest that we think they should be 


presented as case reports and discussed in more detail than will be 


possible in the collected study. 


Case I. M.M.,U. No. 10,617. Black, aged 16. The patient, a primipara, 
registered in the prenatal clinic, had an uneventful pregnancy and nothing ab- 
normal was discovered except that the pelvis was of the typical funnel variety with 
an intertuberous diameter of 7.75 cm. On February 20, 1927, she was admitted 
to the hospital in labor, the membranes having ruptured at the onset of contrac- 
tions. The labor was unduly prolonged, lasting forty-one and a half hours, as a 
result of ineffectual uterine contractions. Delivery was effected by mid-forceps, 
as the head had remained at the level of the ischial spines for more than two hours 
after the cervix had become fully dilated. The operation was not difficult and 
there was only a shallow second degree tear of the perineum which was repaired. 
The temperature and pulse at the time of delivery were normal. 

Four hours after delivery the temperature rose to 100.4°F., the next day 
to 101°F., and the following two days to 101.6°F. On the fifth and sixth days, 
the evening temperature rose to 103°F., and then gradually fell, reaching 100°F. 
on the tenth day post partum. For two days the temperature did not exceed 
100°F., but on the twelfth day there was a sudden evening rise to 105.4°F., ac- 
companied by a slight chill. For the next twelve days the temperature was hec- 
tic; normal in the morning and rising to 105° to 106°F. in the evening, with oc- 
casional chills. From the twenty-fifth to the twenty-ninth days post partum 
the temperature remained normal, but on the twenty-ninth day it rose to 104°F. 
in the evening and reached the same level on each of the following four days. 

During this time the patient complained only of slight pain in the lower ab- 
domen. Repeated physical examinations were negative and a number of abdom- 
inal and pelvic examinations revealed nothing abnormal except that the uterus 
was somewhat larger than normal and moderately sensitive on deep palpation. 
The white blood cell count varied from 11,000 to 18,000 and the hemoglobin from 


26 











bo 
~I 


STREPTOCOCCIC PUERPERAL INFECTION 


55 to 80 per cent. From a uterine culture taken on the fourth day after delivery 
were grown an aérobic, beta-hemolytic streptococcus, an aérobic, non-hemolytic 
diphtheroid and Staphylococcus albus. Repeated blood cultures were negative. 
rhe treatment up to this time consisted of forced feeding and fluids and repeated 
transfusions of 250 to 500 cc. of citrated whole blood. 

On the thirty-third day of the puerperium she seemed to be losing ground and 
in spite of the relatively negative physical and pelvic findings it was thought that 
there was probably a focus of infection in the uterine wall, and with the patient’s 
consent an exploratory laparotomy was done. On opening the abdomen, the 
omentum was found firmly adherent to the left cornu of the uterus and to a less 
extent to the right anterior uterine wall in the region of insertion of the broad 


We Mi 


Fic. 1. SEcTION OF UTERUS SHOWING MULTIPLE ABSCESSES 


ligament. After release of the omental adhesions the uterus was found to be 
about twice the normal size, somewhat soft, with an injected and indurated area 
beneath the site of the adhesion. The right tube and ovary were normal. The 
left appendages were densely adherent to the uterus and indurated. The pelvic 
vessels were normal and there were no signs of a generalized peritonitis. A supra- 
vaginal hysterectomy and left salpingo-odphorectomy were done and the abdom- 
inal incision closed without drainage. 

The patient stood the operation well and her general condition seemed some- 
what better. However, there were daily evening rises of temperature to 103°F. 
to 104°F. until the seventy-fourth day of the puerperium, after which the tem- 
perature remained normal. The abdominal incision healed per primam and the 
patient was discharged in excellent condition eighty-seven days after delivery. 
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Examination of the amputated uterus showed that the endometrium had 
entirely regenerated except at one small area. Throughout the uterine muscle 
there were a number of small miliary abscesses, varying in size from microscopic 
to 7 to 10 mm. These abscesses contained leucocytes, round cells and cocci in 
chains. The illustration (Fig. 1) shows a horizontal section of the uterus, the two 
dark areas on the posterior wall being the largest of the many abscesses. Study of 
microscopical sections apparently shows that the infection has traveled along the 
veins but at the same time there is no pyemia, since all venous channels in the 
broad ligament are free from involvement. The tubes are normal throughout. 

Accordingly, it would seem that we have to deal with an infectious process which 
originated in the mucosa and spread to various parts of the uterine wall by way of 
venous channels. These foci went on to abscess formation while the mucosa 
was restored to integrity. 

The streptococcus isolated from the uterine culture taken on the fourth day of 
the puerperium grew with extreme rapidity on the usual media, produced typical 
beta hemolysis in human blood agar plates and chains of moderate length in 
bouillon. It fermented dextrose (pH 4.8), sucrose (pH 5.1), lactose (pH 5.2), 
maltose (pH 4.8), mannite (pH 5.1), salicin (pH 4.8), and raffinose (pH 5.6) but 
failed to ferment inulin (pH 7.0). Both plain and peptone milks were firmly 
coagulated, but gelatin was not liquefied. Neither gas nor digestion was produced 
in cooked meat medium, and sodium hippurate was not hydrolyzed. The intra- 
peritoneal injection of 0.2 cc. of a twenty-four hour bouillon culture failed to kill 
a mouse in three weeks. 


CaselI. R.R.,U. No. 10,733. White, aged 31. The patient, an unregistered 
multipara, was admitted to the hospital on February 26, 1927 She had had 
seven previous pregnancies all ending spontaneously at term, six of the children 
being alive and well. The last menstrual period began early in November. Three 
days before admission, the patient inserted a slippery-elm tent into the uterus, 
leaving it in place for four hours. Shortly after its removal she experienced 
sharp, cramping pains in the back and legs. At 2.30 a.m. the day of admission, a 
small foetus without the placenta was passed, followed by profuse bleeding. When 
admitted to the hospital at 9.30 a.m., the patient showed moderately severe signs 
of shock, pulse 100, temperature 99.6°F., hemoglobin 55 per cent. Because of the 
profuse bleeding it was decided to empty the uterus at once. Under anaesthesia 
a uterine culture was taken and followed by the digital removal of a number of 
large placental fragments. 

The day after the completion of the abortion the temperature rose to 102.2°F., 
pulse 124. There was considerable tenderness in the lower abdomen and the pa- 
tient looked quite ill, but there were no demonstrable signs of peritonitis. The 
third day the temperature rose to 104°F. and for the next eight days there were 
daily evening elevations to 104 to 105°F., each with a chill. The lower abdomen 
was quite tender but no definite signs of peritonitis appeared. Repeated pelvic 
examinations were negative until the tenth day, at which time there was noted an 
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irregular thickening and induration in the region of the left broad ligament. While 
the findings were not conclusive, it was thought that the process was of the throm- 
bophlebitic type involving the pelvic vessels and that ligation of the affected 
vessels should be attempted. On opening the abdomen there were no signs of 
peritonitis. The uterus and right appendages were normal. The left tube and 
ovary were normal except for reddening of the tube in its median portion. The 
right ovarian vein was thrombosed up to the level of the pelvic brim. The peri- 
toneal covering was incised, the vein isolated and ligated above the thrombus. 
Che left ovarian vein was thrombosed up to the level of the internal iliac. It, 
likewise, was exposed and ligated but it was thought that the thrombus probably 
extended beyond the point of ligation. 

Following operation the patient improved considerably and two days later the 
fever began to decrease. However, until the eighteenth day of the puerperium, 
evening rises from 102° to 104°F. occurred daily, sometimes accompanied by chills. 
On the nineteenth day, the ninth day after the operation, the temperature became 
normal and remained so until the patient was discharged on the thirty-ninth day. 
The abdominal incision healed satisfactorily and the patient went home in good 
condition except for some thickening and induration in the region of the left broad 
ligament. 

Except as indicated, the treatment consisted of general supportive measures 
and two transfusions, each of 500 cc. of citrated whole blood. Repeated blood 
cultures were negative except one taken on the seventh day post partum, which 
showed two colonies of a beta-hemolytic, aérobic streptococcus per cubic centi- 
meter of blood. 

Microscopical examination of the placental fragments removed from the uterus 
showed normal early chorionic villi and acute inflammation of the decidua. 

From the uterine culture taken just before the completion of the abortion were 
grown an aérobic, beta-hemolytic streptococcus and an anaérobic, non-hemolytic 
diphtheroid. The streptococcus was identical with the one recovered from the 
blood. It grew vigorously on the usual media, producing moderately long chains 
in serum bouillon and typical beta hemolysis in human blood agar plates. It 
fermented dextrose (pH 4.8), sucrose (pH 4.8), lactose (pH 4.9), maltose (pH 4.8), 
salicin (pH 4.8), and raffinose (pH 4.9), but did not ferment mannite (pH 7.0) nor 
inulin (pH 7.0). It did not liquefy gelatin, produced no gas nor digestion in 
cooked meat medium and did not hydrolyse sodium hippurate. Plain and pep- 
tone milks were firmly coagulated. The intraperitoneal injection of 0.2 cc. of a 
twenty-four-hour-old bouillon culture failed to kill a mouse in three weeks. 

It should be stated that this patient is now (March 15, 1928) in the seventh 
month of her ninth pregnancy. She is registered in the prenatal clinic and, up to 
the present, the pregnancy has been normal in every particular. 


Case II]. E.H., U. No. 18,053. Black, aged 21. This patient was admitted 
to the hospital on March 26, 1927, five days after delivery by a private physician. 
She had had two previous spontaneous deliveries at term, both children being 
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alive and well, and one spontaneous complete abortion at the third month of 
pregnancy. She stated that the pregnancy had been uneventful, that labor had 
occurred spontaneously at term, lasting seven hours, and that the membranes 
had ruptured spontaneously just before the birth of the child. No vaginal ex- 
aminations had been made during labor, and the perineum was not torn. The 
child was alive and in good condition. The first two days of the puerperium were 
uneventful. During the third night after delivery the patient had had a hard, 
shaking chill quickly followed by fever, sweating and sharp pains in the right 
lower abdominal quadrant radiating down the right thigh and lumbar region. 
These symptoms with occasional chills and sweating had continued until admis- 
sion to the hospital. 

On admission, the fifth day after delivery, although the patient did not look 
acutely ill, her temperature was 104°F., pulse 120, red blood cell count 5,050,000, 
white blood cell count 32,000, polymorphs 94 per cent, hemoglobin 48 per cent. 
The general physical examination was negative except for the abdomen and pelvis. 
The abdomen was distended and acutely tender throughout the lower half. The 
uterus was fairly well involuted but markedly tender. Otherwise the pelvic exam- 
ination was negative. 

For the next ten days there were no marked changes in her condition. There 
were daily evening rises in temperature to 104° to 105°F., some accompanied by 
chills, the fever being distinctly hectic in character. The hemoglobin varied 
between 48 and 55 per cent, and the white blood cell count between 32,000 and 
35,000. Repeated blood cultures were negative. 

On the fifteenth day after delivery there appeared signs of an indefinite tumor- 
like mass in the midline of the abdomen below the umbilicus. This mass gradually 
became more definite in its outlines, so that on the twenty-fourth day post partum 
it could be outlined as a definite cystic and fluctuant structure with sharply de- 
fined margins, occupying the midline and extending from the top of the symphysis 
pubis to several centimeters above the umbilicus. An exploratory laparotomy was 
done on the twenty-fourth day of the puerperium. A peritoneal incision was found 
to give direct access to a huge abscess cavity, from which 2500 cc. of reddish- 
yellow, purulent and flaky fluid without odor were evacuated. The anterior wall 
of the cavity was represented by a thickened and reddened peritoneum; the pos- 
terior wall was composed of the retroflexed, involuted uterus and the adherent 
intestine. The uterine appendages were normal. At one point the intestines 
were covered by a thick, fibrous exudate. Apparently, the cavity was entirely 
encapsulated and lay between the abdominal wall and the pelvic and abdominal 
contents. The cavity was drained and the incision left open. 

After operation the patient’s condition improved somewhat, although there were 
daily evening rises in temperature to 103° to 104°F. For several days there was 
profuse drainage from the incision but this gradually ceased and healing took place 
by granulation. 

One week after operation the patient developed signs of pneumonia involving 
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the entire left lung with thickening of the pleura at the left base. The next day 
fluid appeared at the left base and by aspiration 100 cc. of straw-colored fluid were 
withdrawn. A second aspiration, four days later, resulted in the removal of 150 cc. 
of fluid of a similar character. 

The patient’s condition gradually improved and she was discharged in fairly 
good condition on the eighty-ninth day after delivery. On discharge there were 
still evidences of pneumonic consolidation of the left lung and the uterus was ad- 
herent, with signs of induration in both broad ligaments. When seen in the out- 
patient clinic two months later, physical examination as well as X-rays of the 
chest showed that resolution of the consolidated lung was not yet complete. How- 
ever, there were no signs of tuberculosis and examinations of the sputum were 
negative for the tubercle bacillus. 

The treatment, in addition to that outlined above, consisted of general suppor- 
tive measures and repeated transfusions of citrated whole blood. Many blood 
cultures were taken throughout the course of the illness, but were invariably 
sterile. 

Numerous flakes of tissue removed at operation were fixed and sectioned. 
They were found to be almost entirely necrotic but contained shadows of cells and 
fibrin. The Weigert stain showed myriads of streptococci in long chains. 

A uterine culture taken on admission (the fifth day after delivery) contained an 
aérobic, beta-hemolytic streptococcus, an anaérobic, non-hemolytic diphtheroid 
and Staphylococcus albus. From the purulent material in the encapsulated mass 
and from the fluid aspirated from the chest an aérobic, beta-hemolytic strepto- 
coccus in pure culture was grown. This organism proved to be identical in every 
particular with the streptococcus found in the uterus. 

The streptococcus grew rapidly on the usual media, producing long chains in 
bouillon and typical beta hemolysis in human blood agar plates. It fermented 
dextrose (pH 4.9), sucrose (pH 5.1), lactose (pH 5.4), maltose (pH 5.1), and 
salicin (pH 5.4). It failed to ferment mannite (pH 7.0), inulin (pH 7.0), and raffi- 
nose (pH 7.0). Gelatin was not liquefied, no gas was formed in cooked meat nor 
was the medium digested, and sodium hippurate was not hydrolyzed. Both plain 
and peptone milks were firmly coagulated. Injection of 0.2 cc. of a twenty-four- 
hour bouillon culture intraperitoneally into a mouse caused death within 24 hours 
and the organism was recovered in pure culture from the heart’s blood. 


CONCLUSIONS 

Three unusual cases of streptococcic puerperal infection are re- 
ported: 

I. A case of miliary abscesses of the uterine wall treated by hyster- 
ectomy, in which the streptococcus was recovered from the uterine 
cavity. 

II. A case of post-abortal, bilateral thrombophlebitis treated by 
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ligation of the affected veins, in which identical streptococci were re- 
covered from the uterine cavity and blood stream. 

III. A case of puerperal endometritis, extensive encapsulated 
peritonitis and embolic pneumonia in which the same streptococcus 
was recovered from the uterus and from the peritoneal and pulmonary 
exudates. 

The streptococci found in these three patients were of three differ- 
ent strains as shown by the differences in fermentation reactions. 
According to Holman’s classification, the organism from the first case 


was Streptococcus infrequens and those from the last 2 cases were 


Streptococcus pyogenes. Further differentiated by Brown’s classi- 


fication, the first two streptococci were atypical members of the in- 
frequens and pyogenes groups while the last was a typical Strepto- 


coccus pyogenes. 


We wish to express our thinks to Dr. J. Whitridge Williams for per- 
mission to report these cases. He operated upon all of them and it is 
from his clinical and pathological notes that most of the clinical data 


were obtained. 





DESCRIPTION OF PARTURITION IN THE MONKEY, 
PITHECUS (MACACUS) RHESUS, TOGETHER WITH DATA 
ON THE GESTATION PERIOD AND OTHER PHENOMENA 
INCIDENT TO PREGNANCY AND LABOR! 


CARL G. HARTMAN 


From the Department of Embryology, Carnegie Institution of Washington, Baltimore, 
Maryland 


The present paper seems to be the first® to record in detail the birth 
of any primate animal other than man. Certain hitherto undescribed 
phenomena connected with the gestation of primates will be discussed, 
for instance, the accurate determination of the gestation period, un- 
known for any rionkey until Macacus rhesus females were bred in the 
Carnegie colony; the age of puberty; experimental data relating to 
the “fertile period” or conception time of the menstrual cycle. 
Further data are given on the “‘placental sign” for the early diagnosis 
of pregnancy (Hartman, 1928) and on the progress of pregnancy as 


1 Received for publication April 26, 1928. 

2 Since this paper was written, my attention was called to a second paper by Dr. 
Louis Montané: “Histoire d’une famille de Chimpanses, étude physiologique”’; 
read at the Conférence annuelle Broca, Soc. d’Anthropologie, le 2 février, 1928 
(published at Paris, 1928). On p. 13 there appears a single paragraph descriptive 
of the highly abnormal second parturition of Cucusa, Madame Abreu’s faithful 
chimpanzee (cf. Montané, 1915-16). Out for a sunning with Madame Abreu 
at 4:00 p.m. Dec. 2, 1917, Cucusa suddenly fled towards the gate of the villa, 
which she found closed. Peeved, she mounted a stone pillar. Here she repeatedly 
pressed her thorax against her thighs and with her hands compressed her abdomen. 
Soon blood trickled down the stone pillar—labor was in progress. There being no 
room for crouching, according to Montané, who reports Madame Abreu’s observa- 
tions, Cucusa leaned to one side and, after painful contractions and violently 
pressing her hand against the vulva, expelled a 1900-gram female baby. This 
fell through space to the ground, severing the cord in the fall. The whole process 
lasted 30 minutes. This brief and rather adequate description closes with the 
simple statement that the mother ate the placenta, a fact which was suspected 
though not actually seen at the former delivery. The mother died of pneumonia 
several days later, the baby also soon perishing. 
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revealed by abdominal palpation. Since Macacus rhesus, the Bengal 
macaque, is rapidly becoming an important laboratory animal, these 
subjects are discussed in such detail as may suffice for the service of 
future workers. Another paper upon the same subject, with em- 
phasis on points of natural history, will be published in a forthcoming 
number of the Journal of Mammalogy, Washington, D. C. 


HISTORY OF THE ANIMAL 


The female whose pregnancy and parturition have been made the 
subject of careful study, is No. 4 of the Carnegie colony. She was 
obtained in the spring of 1925 by Dr. S. J. Crowe, who turned her 
over to us a year later, after having used her for an experiment from 
which she had recovered without symptoms. Two and a half years 
later (September 22, 1927) she became pregnant. Her age at that 
time was estimated at 5} years at the very least. The female of 
Macacus rhesus certainly does not reach puberty before the fourth 
year and it is believed that during the first year or more after she 
begins to menstruate she is sterile from lack of ovulation, menstruation 
being no criterion of ovulation, as has been shown by Corner in his 


pioneer work on reproduction in monkeys, begun at the Johns Hop- 
kins Medical School. 


MENSTRUAL HISTORY 


Aside from the process of menstruation itself there are two other 
signs of puberty in the r/esus female. One is the reddening of the 
“sex skin” of the buttocks (Langley and Sherrington, 1891) which is 
maintained throughout life with cyclic waves of greater or less in- 
tensity (Collings, 1926). The older the animal, however, the less 
marked are the cyclic changes in color. Another concomitant of 
sexual maturity is the swelling or edema of folds of the skin in the 
pubic region, in a situation corresponding to that of the scrotum in 
the male. Al] of our young adolescent females have shown this 
phenomenon, the older ones, never. The first observed menstrua- 
tion of our animal began on July 12, 1926. It is possible that one or 
two menstrual periods had preceded this, since systematic observa- 
tion of the animal was not begun until July. All of the subsequent 
bleedings are represented in the chart (vertical lines, Fig. 1). It is 
seen that after several periods she became fairly “regular” during the 
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winter of 1926-1927. The greatest variation during this time was in 
the length of the flow, not quite accurately shown in the chart, since 
examination was made only every other day. At the end of April, 
1927, the flow was unusually long, though from May 3 to May 5 it 
was very slight. There then followed a long period of amenorrhea, 
lasting through May, June, July, and August, the summer months. 
As indicated in the chart, on May 12 the animal had been mated; 
hence it was at first thought that the summer amenorrhea was due to 
pregnancy. I feel certain now that this was not a case of “missed 
labor,” but that the cessation of menstruation is ascribable entirely 
to the heat of summer, since the phenomenon was common in the 
colony in the summers of 1926 and 1927; and furthermore the “‘pla- 
cental sign’’ never appeared nor could the uterus ever be palpated. 
On August 29, a few red blood cells were recovered from the vagina; 
from September 12 to September 14 a normal menstrual flow was 
noted. 


MATING AND COPULATION 


One mating (with male D), referred to above, on the sixteenth day 


after the beginning of the preceding menstruation, proved unsuccess- 
ful. The low leucocyte count on May 10 constituted the reason for 
mating at this time. Experience later, however, pointed to the fact 
that there is a lag between the presence of ripe follicle in the ovary 
and the drop of leucocytes to zero (or in this animal, as in young 
animals generally, to near zero). Hence on September 22 she was 
mated again with the same male. A leucocyte count was not recorded 
for that day; but on September 16 it was quite low, and on September 
26 was the lowest recorded for this individual. For reasons pre- 
viously discussed it is felt that conception and copulation were prac- 
tically synchronous (cf. Hartman, 1928). 


THE PLACENTAL SIGN 


In a former communication (Hartman, 1928) a case of gestation in 
the monkey was described in which there appeared an early sign of 
pregnancy in the form of slight bleeding into the vagina for 21 days, 
beginning with the 14th day after conception. The belief was ex- 
pressed that this bleeding constituted the “‘placental sign,” so called 
by Long and Evans (1920) because these authors correlated the 
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appearance of blood with leakage from the placental site in the early 
stage of implantation. The phenomenon has presented itself in each 
of five gestations occurring recently in the Carnegie colony. In the 
case under discussion in the present paper the bleeding began on the 
15th day (not examined on the 14th) and continued to the 37th day 
of gestation. On October 14 and 17, the 22nd and the 25th days of 
gestation, the bleeding was considerable and simulated a light men- 
struation, being even visible externally. After the flow ceased, the 
cell content of the vaginal lavage became less and less, settling down 
to the usual amenorrheic condition which lasted throughout gestation. 

Applications of the discovery of the “placental sign” to the human 
female readily suggest themselves. It is well known that many 
women bleed once after conception and therefore come down a month 
earlier than the date calculated on the basis of the menstrual history. 
The apparently superfluous bleeding has very generally been re- 
garded by obstetricians as an added “period’’; but it seems more 
likely, in view of the above described finding, that it is connected with 
the embedding of the ovum. One is, moreover, led to suspect that 
some blood might be recoverable from the vaginal content also in 
cases in which the flow is so slight as to escape notice unless the 
vaginal content is examined microscopically. 


MORNING SICKNESS 


On October 21, thirty days after conception, vomit was found on 
the floor of the paddock in which the pregnant female, together with 
four others, was housed. The source of the vomit could, of course, 
not be ascertained since the animal was not alone. An attempt will 
be made in other cases to determine whether the monkey experiences 
the nausea of pregnancy encountered in women. A similar obser- 
vation was made by Madame Abreu in the case of her chimpanzee 
Cucusa (Montané, 1915-6), “During this period (early pregnancy) 
Cucusa’s usual joviality disappeared; at the same time she was 
losing appetite, showing a certain dislike for food, which was ex- 
pressed sometimes in actual vomiting.” 


PALPATION OF UTERUS 


Within 40 or 45 days the uterus can be felt as a solid mass above 
the symphysis and from this time on it enlarges, the fundus moving 
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craniad. It is median and of a firm consistence, not easily moved 
and hence cannot be mistaken for any other structure. For some 
time the uterus seemed to fill a large part of the abdomen because of 
its firmness, when suddenly (between November 18 and 25) it seemed 
to disappear, its previously firm wall becoming yielding and prac- 
ticably impalpable through the abdominal covering. However, the 
foetus could thereafter be felt floating free in the amniotic fluid. 
The change in the consistence of the uterus was probably due mainly 
to a sudden accumulation of amniotic fluid. This may be explained 
as a protective mechanism, the embryo floating in the fluid and thus 
being enabled, by virtue of hydrostatical laws, to roll out without 
injury from pressure applied to the abdomen of the mother. 

The growth of the foetus could be followed by palpation of the 
uterus from time to time. 


INCREASE IN SIZE OF ABDOMEN AND MAMMARY GLANDS 


Statements to the effect that there is no external indication of preg- 
nancy in the monkey are certainly erroneous. The rotundity of the 
abdomen of female No. 4 five weeks before parturition is apparent 
from the x-ray picture shown in Figure 3, in which, after version, the 
axis of the foetus makes a less acute angle with the spine of the mother. 
Figures 4, 5, and 6 give lateral views of the same female one month 
before, three days before, and one month after parturition. The 
photographs speak for themselves. It is true, however, that the 
abdomen of the monkey is less conspicuously enlarged at term than 
that of the human female. 

The swelling of the mammary glands, on the other hand, was not 
noted until near the end of gestation. Perhaps, more careful ex- 
amination in future may result in the detection of a swelling of the 
glands earlier, for there is no doubt that it does take place (cf. Allen, 
1927). It should be remembered that the mammae of the monkey 
are much more spread out, mostly toward the axillae, than is the case 
in the human; hence, the actual thickening of the glands would be 
less apparent even though the total growth of lactiferous tissue were 
equivalent. Certainly the monkey’s baby weighs proportionately as 
much as the human infant and is at first entirely sustained by its 
mother’s milk. In Figure 6, the light area under the axilla marks 
the region of the mammary gland after one month’s suckling. 
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There was a distinct elliptical areola, bright red in color. Mont- 
gomery’s glands were not apparent. The nipple was likewise red 
and had a number of duct mouths around its tip, which were readily 
seen since they were much paler than the rest of the nipple. 


VERSION 


Of especial interest is the phenomenon of spontaneous version of 
the foetus, which makes a complete turn from breach to head presenta- 
tion. Thanks to the skill and kindness of Dr. Eben C. Hill I am able 
to present two x-ray pictures illustrating this point. The pictures 
are from instantaneous exposures, copied photographically from the 
x-ray negatives directly on paper and retouched by our artist, Mr. 
James F. Didusch, to guarantee that the details would be reproduced 
in the engraving. Figure 2, taken January 30, 1928, shows the head 
of the foetus towards the diaphragm; Figure 3 was taken a week later 
with the foetus in the position which it occupied until delivery. 
Version therefore took place between the 130th and the 137th day of 
the 174 days’ gestation period. 


WEIGHTS OF THE MOTHER 


June 19, 1926, when the animal was at least four years old, she 
weighed 3345 grams and had a sitting height of 410 mm. 

June 11, 1928, when 111 days pregnant, her weight was 4700 
grams, the sitting height 428 mm. 

After February 14, the animal was weighed almost daily: 
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It will be noted that the prospective mother lost about 500 grams 
several days before parturition, although another female (No. 7, 
the “placid” individual referred to below) lost only 140 grams. This 
loss in weight has been noted in the human female and studied ex- 
tensively by Zangemeister (1916). The phenomenon was hailed as 
a practical indicator of impending labor by Momm (1920), but its 
practical value was denied by Benda (1921), who proved that the 
fall in weight does not always occur. Zangemeister showed that the 
loss in weight is not due to the absorption of amniotic fluid, since the 
abdomen does not suffer shrinkage in girth. He attributes the loss 
to systemic water loss and diuresis. 

The gain of our female after parturition is unusual if the human 
experience is taken into account; but the animal certainly took a 
considerable amount of nourishment, besides the placenta, during 
the 36 hours following parturition and slept a great deal during this 


time. 


BEHAVIOR OF THE PREGNANT ANIMAL FOR ELEVEN DAYS PRIOR TO 
DELIVERY 


For several years the female in question had been kept in a large 
sunny paddock formerly occupied by Dr. Corner’s colony. After she 
became pregnant she was left in her old domicile in company with 
other females until February 20, when it was deemed advisable, be- 
cause she was becoming more and more an object of persecution on 
the part of her cage mates, to remove her to an inside “obstetrical 
cage,’’ where she could be more nearly isolated and yet enjoy the 
company of another pregnant female kept in an adjoining compart- 
ment. Here, too, she could be more closely observed. From March 
3 on, she was under observation night and day and her actions re- 
corded, chiefly by the caretaker of the colony, Mr. Arthur Rever, 
thanks to whose intelligent devotion to its scientific aims the enter- 


prise was crowned with success. These observations are presented 


under several heads: 

Appetite. From a plentiful supply of food, renewed twice daily, 
enough potatoes and cooked rice were left over for nibbling during 
the night. On the whole, she continued to eat with her usual good 
appetite. Indeed, even on the morning of the day of parturition she 
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ate her rice and milk for breakfast with relish. On the basis of food 
intake, therefore, so far as this could be observed, her loss of weight 
on March 10 and 12 cannot be accounted for. 

Sleep. The drop in weight is probably ascribable to her loss of 
sleep and increasing restlessness. Whereas another female, which 
gave birth March 23, slept placidly most of the night, both in the 
lying and the sitting posture, female No. 4 never lay down for more 
than a few minutes at a time, always rising as if in great discomfort. 
During the night of March 10, she slept as long as an hour at one time; 
otherwise, only in short cat-naps in the sitting posture. This grow- 
ing restlessness of the female towards the end of pregnancy has its 
counterpart in the action of the human mother when entering labor, 
as set forth by Ploss (Das Weib, Vol. II). 

Quickening. ‘Throughout the period of intensive observation and 
for some time before, the movements of the foetus could plainly be 
seen as a fluttering movement of the abdominal wall. For several 
days before delivery, excessive kicking of the foetus was accompanied 
by very evident shortness of breath on the part of the mother. 
Quickening was most in evidence whenever the female lay down, just 
as women feel it most immediately upon lying down after being on 
their feet for a period of time. 

Evidences of pain. Numerous entries were made in the diary, from 
March 3 on, of such behavior on the part of the female as might be 
interpreted as evidences of pain. An example from the diary, in the 
language of the observer, follows: 

“8:00 p.m., ‘Sis’ got red in the face, foetus began kicking very hard—very 
noticeable. 9:00, very restless, but did not seem to be in any pain. 10:15, she 
began to lie down, first on one side and then on the other. This came in spells 
of about 45 minutes apart and lasted from 2 to 10 minutes at a time. She kept 
putting her finger into the vagina, then looking at her finger and smelling it. I 
put some food in cage; she started eating it, when very suddenly she stood on 
all fours with rump high in the air and quickly lay down. She belched several 
times and it seemed as if she was going to vomit.” 


Similar observations (except for symptoms of nausea) were recorded 
each night. Several times the animal grunted and once she cried out 
as ifin pain. No regularity in the “spells” was noted until March 9; 
on that date from 2:00 to 3:30 she seemed to have pain every 15 
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minutes, the spells lasting 5 to 6 minutes each. These actions are 
interpreted as premonitory or false labor pains and argue for the 
growing contractility of the uterine musculature. Several times 
during the night she also held her head and rubbed her eyes as if 
she had headache, just as we have observed really sick monkeys to do 
on several occasions. 

Mucous discharge. From March 4 on, more especially from March 
4 to 9, much mucus came from the vagina. The consistence of the 
discharge was tested and found to be quite viscid. It was therefore 
not urine. Its odor was not that of amniotic fluid which has the 
same characteristic odor sui generis throughout the mammalian series 
from the opossum to man. The discharge was therefore true mucus, 
probably coming from the cervix; this, as Stieve (1928) has recently 
shown in the human, consists mainly of a plug of mucus, the product 
of the cervical glands. The sloughing off of the mucus constitutes 
the first step in the dilatation of the canal. In the monkey these 
glands are quite elaborate and would seem to be capable of under- 
going the same changes as in the human. One might have expected 
the plug to be sloughed off suddenly at the beginning of labor; but in 
the monkey it seemed to come gradually some days before labor 
actually set in. 

That the female was conscious of stimuli coming from the vagina 
for days before labor is indicated by her inserting the finger into the 
organ, which she did dozens of times. One wonders why an animal 
does not infect herself in this way; but perhaps the presence of motile 
leucocytes in the vagina in the later part of pregnancy serves as a 
defense mechanism against such infection. The wall of the organ is, 
furthermore, now quite sensitive, as noted by the flinching of the 
animal when a smooth and not too large pipette is inserted into it. 
It is also quite easy to abrade the mucosa and draw blood, showing 
that the conditions existing in the vagina as a birth canal are quite 
different from those belonging to a copulatory organ. 

Micturition and defecation. No change was noted in the character 
and regularity of the stools. But retention of urine was increasingly 
more difficult as pregnancy advanced, probably as a result of pressure 
of the head of the foetus on the mother’s bladder. From March 3 to 
March 10 she urinated frequently and in small amounts; but on the 
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12th and the 13th there was almost a continuous leakage from the 
bladder and the animal’s buttocks and tail were continuously wet. 
Motile leucocytes at term. A few leucocytes are recoverable among 
the scant cellular elements of the vaginal lavage throughout gestation. 
These have thus far been found to be non-motile on the warm stage, 
that is, dead or moribund, until towards the end of gestation. From 
the female under discussion a lavage was taken the day before parturi- 
tion in a buffered Ringer’s solution; and after standing at room 
temperature for an hour this was found to contain many leucocytes, 
normal and healthy looking, and provided with extensive pseudopods. 
On the warm stage the majority of the leucocytes proved to be 
vigorously motile. The significance of the finding is not apparent 
at present, though one thinks at once of the protection to be afforded 
the birth canal during the impending parturition... My interpretation, 
arrived at from a comparative study of motility of leucocytes in the 
rat and the monkey, is that the viable leucocytes in the lumen of the 
organ do not have a function after they get through but that they 
protect the mucosa in which they swarm. In the rat, Guttmacher 
(1926) found that after (not before or during), oestrus and copulation 
the swarm of motile leucocytes appears in the vagina. I can corrob- 
orate Guttmacher’s observations from a personal study of the vaginal 
content of the rat. However, I do not regard the leucocytes as phago- 
cytic after they reach the vagina, for this organ, like the mouth, is 
self-cleansing without motile leucocytes. Injections of carmine were 
made into the vagina or into the heart of the rat, but no leucocyte 
containing carmine particles was ever found in the vagina. Nor 
have I ever seen in the monkey at menstruation leucocytes that have 
taken up red blood cells, as observed by Papanicolaou (1928). In 
the rat, the swarm of leucocytes penetrates the wall because the 
mucosa is greatly thinned by the massive desquamation of the wall 
in the metoestrum. So in the parturient monkey, as explained 
above, the vaginal mucosa is very thin and easily traumatized; hence 
the need for the defense mechanism. The leucocytes do probably 
not come down from the cervix and uterus, though this statement 
cannot be made for certain at present. Ordinarily, the leucocytes 
from the cervix, sometimes present in myriads, are uniformly dead 
and vacuolated. Monocytes are extremely scarce in the vaginal con- 
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tent of the monkey’s vagina as well as in that of the rat (Post, 1927), 
polymorphs dominating the picture (cf. Papanicolaou, 1928). 

Concerning the physiological control of the appearance of leuco- 
cytes in the vagina of mammals the following statement may be 
made. The disappearance of leucocytes from the vaginal lumen at 
oestrus in rodents and other forms, including the monkey, is as- 
cribable to the presence of follicular hormone in the blood stream. 
Now in pregnancy there is an increasing amount of placental hormone 
(which has the same oestrogenous action as follicular hormone, as 
measured by the vaginal smear test. At the end of pregnancy it is 
known (Smith, 1927) that the pregnant woman’s blood may contain 
more than a rat unit of the hormone in every cubic centimeter of 
blood; and the hormone is recoverable from the urine in large amounts 
(Aschheim and Zondek, 1928). And yet, when present in most con- 
centrated form (presumably this was the case in our parturient 
monkey), there are numerous leucocytes in the vagina. The phe- 
nomenon awaits an explanation. 


PARTURITION 


For the forenoon of March 14 there are few notes concerning the 
parturient female that was to be delivered at 4:00 p.m. of that day. 
Her actions were not calculated to arouse suspicion that parturition 
was imminent. 

At 2:00 p.m. she was under observation for 15 minutes and again 
twice later. At 3:20 the writer was called to the scene, for at last 
the female was acting “differently”: she was squatting on the wire 
floor of her cage, legs spread, vulva five centimeters from the floor. 
Her breath was labored and she was straining considerably. The 
wire floor offered a foothold, which the monkey took advantage of as 
she strained with her abdominal muscles to assist the uterus in the 
expulsion of the foetus. During the process the face was visibly 
flushed. There were numerous labor pains between 3:20 and 3:35, 
after which the protocol records them all: 


Squats; strains 

Sits quietly 

Squats; strains; gives every evidence of being in great pain 

Squats; strains, while she holds on to the wire; grunts audibly; face 
exhibits evidence of pain 
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Lies and rests 

Still lying; foetus seems to be kicking 

Squats; strains, and grunts quite loudly, indicating contraction of 
the abdominal muscles. The act strikingly simulates difficult 
defecation 

Rests lying 

Squats; strains; holds on to wire wall and corner post 

Lies; twists buttocks around now and then 

Squats and strains very hard 

Squats and strains harder than ever; expels gas from intestines 

Lies 

Squats and strains again, less than before 

In sitting position, holding on to post 

Lies and rests, though face shows pain 

Moves about in squatting position 

Lies 

Squats and strains; then walks the length of the cage (one meter) on 
hind-legs; strains. 


4:04 Puts hand in vagina, whence fluid is passing; she licks hand. Crown 


4:08 


4:10 


4: 


13 


4:16 


4:17 
4:35 


of head of foetus is now visible. Female continues to catch drip of 
fluid from the vagina, avidly licking it up, every drop. 

Head of foetus is out; mother walks around with head of foetus out, 
occasionally tugging at it, especially by an ear. 

Mother grasps head of baby first with one hand, which slipped off; 
then with both hands (reaching around the right side), she pulls it out 
instantly, once she has a hold of it. The baby is at once licked: 
head, body, hands. The hands are taken into the mouth and 
sucked and apparently scraped with the teeth, as the baby cried 
several times during this process, the first proof that it was alive 
and breathing. 

The placenta is expelled. Female continues to lick baby, at first giv- 
ing little attention to the afterbirth. 

Cord is bitten at, but not severed. Placenta is dragged around by 
cord still attached to baby. 

Baby crying; seems to feel drag on cord. Much licking of baby until 

when the eating of the placenta begins (several times licked at before). 
Once begun, she proceeds most voraciously. The baby is for the 
time laid on the floor in front of her. Bite after bite is taken, partly 
swallowed directly, partly stuffed into the food pouches to be chewed 
later. At times a piece too large and tough is taken, to be pulled 
out of the mouth with the blood-covered hands and chewed at again. 

After the placenta is disposed of, the hands and floor are licked clean 
and the muzzle washed. 
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Chewing up of placenta is completed. Baby is again taken up and 
given a further licking. 
Chews umbilical cord, which she seems now to have found accidentally. 
At times the cord gives trouble and is pulled through the teeth. 
Chewing of cord ceases leaving 5 centimeters attached to the um- 
bilicus (when this disappeared is not known, in 41 hours the um- 
bilicus consisted of a nipple-shaped eminence about 10 mm. in 
diameter at the base). The baby’s eyelids are closed. 

Mother clasps the baby to her bosom, as is the fashion with monkey 
mothers. The baby is capable of holding on to the mother, making 
deep creases in the skin where its fingers dig in. 


Several features of the behavior of the macaque in labor, as set 
forth above, seem to be of special] interest: 

(1) The half-sitting posture assumed is certainly the natural one of 
the species, since the female was not interfered with in the slightest, 
much less “instructed” by an attending physician. The posture is 
likewise the one assumed in the delivery of a large portion of the 
human race, particularly among savages (Africa), also, among the 
Chinese and even yet in portions of Europe where the ancient and 
medieval obstetrical chair is still in use. Perhaps, modern obstetrics 
has gone too far in eliminating this institution, which arose em- 
pirically in many widely separated parts of the habitable globe. 

(2) Parturition consists of a series of reflexes involving the entire 
musculature of the female calculated to assist in the expulsion of the 
foetus. “Intelligent realization,” “‘will power’ and the like need not 
be invoked to account for a successful and prompt delivery. On the 
contrary, the combination of acts is involuntary. The chain of events 
which we call “labor” are doubtless started by the action of pituitary 
secretion on the uterine musculature; but its continuance and spread 
to the abdominal and other muscles results from somesthetic impulses 
coming from the uterus and perhaps from the dilating birth canal. 

(3) All deciduate mammals except man, if left to themselves, will 
eat the afterbirth; and this holds even for the herbivores (the cow, for 
example) which for once become tremendously carnivorous. The 
practice is, however, not unknown for man (Ploss-Bartels, Das 
Weib, Vol. II). There must be a physiological reason for so wide- 
spread a reaction toward a mass of bloody flesh. The most reasonable 
explanation, that the placental hormones stimulate milk secretion, is 
the only theory based on experimental evidence. 
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BEHAVIOR DURING THE FIRST NIGHT 


At 6:00 p.m. the baby’s eyes were mere slits; at 8:00 they were 
wide open. During the night the mother remained rather quiet, and 
the baby slept most of the time. At times the mother would “talk” 
or croon over the baby in the most human fashion; frequently she 
licked it. At 8:30 she drank a great deal of water. Later she ate a 
goodly portion of food. When she would walk across the cage it 
would be on her hind-legs; with the arms she would clasp the baby 
to her breast. The baby several times cried or “‘squealed’”’; then the 
mother would lick it and cuddle it closer to her. At frequent inter- 
vals throughout the night the female would reach her hand into her 
vagina and then lick the exudate from her fingers. No indication of 
infection followed. 

No suckling was attempted the first night. It was not until 1:30 
p.m. of the following day that the baby, now 21} hours oid, seemed 
to be suckling; at 4:00 it was certainly using the left nipple; at 5:00 
it was seen to take the right nipple. The baby finds the nipple by 
trial and error, by its own efforts, the mother apparently assisting no 
more than by blindly holding the baby to her bosom. The mother 
slept sitting up for the most part. When the little one started to 
suckle, the mother at first flinched as though the process were pain- 
ful to her. 


WEIGHT AND SIZE OF THE BABY 


The baby, a female, weighed 412 grams when 41 hours old. The 
measurements resulted as follows: sitting height, 186 mm.; greatest 
head length, 67 mm.; greatest head width, 50 mm.; left foot length, 
71.5 mm.; tail length, 106 mm. Periodic measurements will be made 
on this and other babies in the colony by Dr. A. H. Schultz, for the 
purpose of constructing a normal growth curve for the monkey. 

The baby had no erupted teeth when born; in two weeks it had four 
lower and two upper incisors; in four weeks it had eight teeth. 

As the mother weighed 4540 grams, the baby represents about 9 
per cent of the mother’s weight. Dr. Blair’s chimpanzee (1920) 
weighed only 35 ounces (992 grams) or about 2.3 per cent of its 
mother’s weight. It measured 10} inches (268 mm.) in sitting 
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height. Allesch’s baby chimpanzee was estimated at 200 mm. in 
sitting height, so that it was but little larger than our macaque baby 
(Allesch, 1921). 

SUMMARY 


(1) The period of gestation, from conception to birth, in the case 
of Macacus rhesus here described, was 174 days. In a previous case 
the gestation period was 168 days; in another, 159 days. This first 
animal was a primipara, the last two multiparae. 

(2) Conception is believed to take place several days before the 
leucocyte content of the vagina reaches zero; hence, matings are made 
when the leucocyte count is going down. So far 10 days after the be- 
ginning of the preceding menstrual flow has proved the fertile period. 

(3) The female Macacus rhesus does not arrive at sexual maturity 
before the fourth year. For another year or more she menstruates 
more or less irregularly and probably ovulates still more irregularly, 
if at all; hence, she is sterile in the early period until sexual maturity 
becomes really established. The nearly complete menstrual history 
of the female in question is here given (Fig. 1). 

(4) The placental sign of bleeding from the 15th to the 37th day of 
gestation took place in the present as in the preceding case. It is the 
earliest sign of pregnancy known for primates. It is probable that 
the menstrual flow which often takes place in the human female after 
conception is also connected with implantation of the ovum. 

(5) There are almost no leucocytes or other cellular elements in 
the vagina during the amenorrhea of pregnancy until the end of the 
period when motile leucocytes appear in numbers. 

(6) The monkey gives birth in the sitting or squatting position, a 
posture still assumed by a large portion of the human race in the 
parturient condition. 

(7) Other details in the behavior of the pregnant and parturient 
macaque are described. These may readily be compared with 
human behavior under similar circumstances. 


REFERENCES 
ALLEN, EpGar: The menstrual cycle in the monkey, Macacus rhesus: observa- 
tions on normal animals, the effects of removal of the ovaries and the effects 


of injections of ovarian and placental extracts into the spayed animals. 
Contrib. to Embryology, vol. 19, Carnegie Inst. of Wash. Pub. No. 380, 1927. 

















DESCRIPTION OF PARTURITION IN MONKEY 51 


v. ALLESCH, G. J.: Bericht iiber die ersten drei Lebensmonaten eines Schimpansen. 
Sitz.-Ber. d. preuss. Akad. d. Wiss., 1921, 672-685. 

Ascuuem, H. anp B. ZonpEK: Hypophysenvorderlappenhormon und Ovarial- 
hormon im Harn von Schwangeren. Klin. Wcehnschr., 1927, 6; 1322. 
BenpbA, R.: Der Gewichtssturz am Ende der Graviditat. Znirbl. f. Gynék., 

1921, 45; 560-562. 

Brain, W. Rem: Notes on the birth of a chimpanzee. Bull. N. Y. Zool. Soc., 
1920, 23; 105-111. 

Cotuincs, M. R.: A study of the cutaneous reddening and swelling about the 
genitalia of the monkey, Macacus rhesus. Anat. Rec., 1926, 33; 271-286. 

Corner, G. W.: Ovulation and menstruation in Macacus rhesus. Contrib. to 
Embryol., vol. 15, Carnegie Inst. of Wash. Pub. No. 332, 1923. 

Corner, G. W.: The relation between menstruation and ovulation in the monkey. 
Jour. Amer. Med. Assn., 1927, 89; 1838-1840. 

Exuiot, D. G.: A review of the primates, 3 vols., Amer. Mus. Nat. Hist., N. Y., 
1912. 

GuTTMACHER, A. F.: Studies on supra-vitally stained living and dead leucocytes 
and epithelial cells in the vagina of the rat and their relation to the oestrous 
cycle. Bull. Johns Hopkins Hosp., 1926, 38; 61-71. 

HARTMAN, Cart G.: Gestation in a monkey, Macacus rhesus, and associated 
phenomena. Amer. Jour. Obst. and Gyn., 1928, 15; 534-540. 

LANGLEY, J. N. AND C. S. SHERRINGTON: On pilomotor nerves. Jour. Physiol., 
1891, 12; 279-291. 

Lone, J. A. AND HerBertT M. Evans: A characteristic sign of pregnancy in the 
rat detectable from the thirteenth to the sixteenth day. Anat. Rec., 1920, 
18; 249. 

Momm: Ein neues Zeichen fiir den nahe bevorstehenden Geburtseintritt. Znérbdi. 
f. Gyndik., 1920, 44; 233-238. 

Montane, Louts: A Cuban Chimpanzee (trans. from the Spanish: ‘Un chimpance 
Cubano,” E/ Siglo, 1915, 20; 1-17, by C.S. Rossy). Journ. Anim. Behavior, 
1916, 6; 330-333. 

PAPANICONAOU, G. N.: Monocytic reactions in the vagina. Amat. Rec., 1928. 
38; 55. 

Post, C. G.: Differential count of leucocytes in vagina of rat during oestrous 
cycle. Proc. Soc. Exp. Biol. and Med., 1927, 25; 9-10. 

SmitrH, M. G.: A study of the ovarian follicular hormone in the blood of the 
pregnant woman. Bull. Johns Hopkins Hosp., 1927, 41; 62-66. 

STIEVE, H.: Der Halsteil der menschlichen Gebirmutter, seine Veranderungen 
wihrend der Schwangerschaft, der Geburt und des Wochenbettes und ihre 
Bedeutung. Zéschr. f. mikr.-anat. Forschung, 1927, 11; 291-441. 

ZANGEMEISTER, W.: Ueber Kérpergewicht Schwangerer, nebst Bemerkungen 

iiber den Hydrops gravidarum. Ziéschr. f. Geb. u. Gyndk., 1916, 78; 325-365. 











BOOK REVIEWS 


Recent Advances in Anatomy. By H. Woortarp, M.D. $3.50. 302 pp. (P. 
Blakiston’s Son & Co., Philadelphia, 1927.) 

This little work by H. Woollard, Elder Professor of Anatomy in the University 
of Adelaide, ranks as one of the most interesting books of the year in the biological 
sciences. It consists essentially of a series of short reviews on topics concerned 
with the study of living tissues. It deals therefore with a field which has engaged 
the attention of the majority of the leading anatomists of our time. Woollard, 
who spent a year in the Anatomical Department of the Johns Hopkins University 
in 1922 as a Fellow of the Rockefeller Foundation, points out how much the recent 
advances in the study of living material have been due to the energy and resource- 
fulness of American anatomists. Interest in functional morphology, combined 
with the study of living cells, has resulted in a modern renaissance in anatomy 
which has been exceedingly fruitful. 

The author presents snap-shots of this development, covering such topics as 
microdissection, tissue culture, oestrus, ovulation and menstruation, growth 
centres and organizers, vital staining, the origin of cells of the blood, the cerebro- 
spinal fluid, the postural organs, the red nucleus, the extra-pyramidal tract, the 
cerebellum and the projection of the retina in the central nervous system. Tre- 
mendous advances in our knowledge of these subjects have been made in recent 
years by contemporary investigators, as will be emphasized by consulting Wool- 
lard’s bibliographies which cite few contributions earlier than 1914. Moreover, 
Professor Woollard has contributed to these advances by his own work on the 
vital staining of the leptomeninges, on the innervation of muscle and on the lateral 
geniculate body. 

Because of the brevity of the chapters none of the topics is fully covered, but 
the presentations are nevertheless concise and aptly framed. In some instances 
the pictures have changed so rapidly in recent years that they already show signs 
of assuming different aspects by reason of advances more recent even than the 
ones recorded by the author. In spite of this insurmountable limitation, the book 
is none the less valuable and interesting to read. It is refreshing and stimulating 
to contemplate this little volume, alongside of the current textbooks of histology 
in either the English or German language. No attempt has been made in recent 
years to produce more than a hackneyed treatment of histology, a subject which 
the present volume amply proves can be made a fascinating one when viewed from 
the standpoint of functional anatomy. The textbooks make no more than feeble 
attempts to include literature more recent than a decade ago, if they attain at all 
the level of citing specific investigators. Moreover, the factual presentations are 
ofttimes antiquated and the illustrations, carried over from older editions, have 
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frequently long outlived their usefulness. In the matter of illustrations Woollard’s 
book could serve as a model, as it gives actual reproductions from the papers cited, 
lending added interest to the pictures by their personal quality. The masterly 
volume by Schifer in Quain’s Anatomy is the only textbook of histology which 
has attained distinction in the present century and this is attributable undoubtedly 
in large part to the fact that the writer incorporated much of the work of contem- 
porary investigators. It may be argued by those defending current textbooks 
that the value of contemporary work can only be judged in the light of time, but 
to omit recent investigations on this account is poor pedagogy, for experience has 
taught us that the student’s imagination is caught and his creative ability stimu- 
lated only by being brought into contact with accounts and demonstrations of 
specific pieces of research among which contemporary investigations play no mean 
réle, since they contain the viewpoints and methods which are usually the direct 
antecedents of the developments of tomorrow. The tendency of the writers of 
textbooks and of publishers to treat histology as a static body of knowledge is 
discouraging. However, Woollard has surmounted this inertia and has produced 
a worth-while book, which, although it covers only selected chapters, is exceedingly 
welcome to students and investigators alike. 
G. B. W. 


Emergencies of A General Practice. By NATHAN CLARK Morse. Revised by 
Amos Watson Colcord. 541 pp. $10.00. (C. V. Mosby Company, St. 
Louis, 1927.) 

This book should be of value as a ready reference work to the general practitioner, 
and especially to those living in isolated districts. Emergencies of all sorts— 
medical, surgical and obstetrical—are dealt with. Moreover, the methods recom- 
mended are in keeping with modern medical progress. The book is well arranged, 


and the subject matter readily accessible. 
A. R. K. 


The Ear, Nose, and Throat in General Practice. An Informal Guide to the Main 
Principles. By D. A. Crow. 150 pp. $3.25. (Oxford Medical Publica- 
tions. Oxford University Press, London, 1927.) 

This small volume admirably presents essential and practical problems con- 
nected with nose, throat and ear conditions. It is a concise summary of conserva- 
tive and sound advice in diagnosis and therapy. The author is especially enthu- 
siastic in his effort to impress the general practitioner with a sense of his early 
responsibility in the matter of deafness. The discussion of tonsillar diseases is 
very clear, and it is refreshing to encounter in such a book a description of a truly 
surgical tonsillectomy. In view of recent experience with laryngectomies the 
author’s prognosis in this group of cases is entirely too gloomy. 

The subject matter is very well arranged. For example, all technique and 
methods are reserved for the appendix. Undoubtedly this book will prove most 
useful to practitioners, medical students and nurses. 

H. RB. S., Ja. 
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Infections of the Hand. By LIoNELR. Frrretp, F.R.C.S.Eng. 192 pages. $3.00. 
(Paul B. Hoeber, New York, 1928.) 

In quite a small book the author has concisely and clearly treated the anatomy 
and care of infections of the hand. 

In the preface he gives due credit to the masterly monograph of Kanavel, whose 
work he has followed rather closely. The justification for this present work lies 
in the need for a small and simpler treatise for students and practitioners. 

The text is easy to read and is well illustrated by drawings and diagrammatic 


sketches. 
B. M.B. 


The Foundation of Health, By WrtttaM BARNARD |SHARP. 287 pp. $2.50. 
(Lea and Febiger, Philadel phia.) 

In this volume, the author has accomplished his purpose in producing a practi- 
cal textbook on personal hygiene for the youth of both sexes in the Junior Colleges 
or in the first or second year of collegiate work. 

We have the unusual absence of anatomical description and explanation of the 
functions of the various organs, but we do have the unique handling of the sub- 
ject both from a personal hygienic point of view as well as medical treatment. The 
common ailments are given short descriptions and suggestions for treatment and 
relief. 

The chapter on “Strains and Accidents’’ is handled very well and escapes the 
monotonous detail usually found under this head, although the substance is all 
there in good form. Outside of the personal hygienic point of view and medical 
care, we have a description of “The Hazards of Childhood,” which is excellent. 
The chapter on “Health in the Home” gives somewhat in detail essential facts 
about the home environment. The volume concludes with a chapter on preven- 


tive medicine. The bibliography is quite complete. 
R. T.A. 


Methods of Clinical Diagnosis. By ALEXANDER GEORGE GIBSON and WILLIAM 
TREGONWELL COLLIER. 389pp. $5.00. (Edward Arnold & Co., London.) 
The authors state in the preface ““The object of this book is to supply the stu- 
dent, unqualified and qualified, with a short practical guide to the fundamentals of 
diagnosis. The diagnosis of disease depends first of all on a knowledge of the 
technique of examination, of what to look for and how to look for it; this is the 
aim of the book throughout.” In speaking of the art of diagnosis they say “It 
may appear to be an intuitive gift, but it cannot be developed apart from practice.”’ 
It is difficult for the reviewer to picture the state of qualifiedness or unqualified- 
ness for which this text would be a useful guide to the fundamentals of diagnosis. 
Throughout the book the various methods and technique of examination are out- 
lined. But in addition all the important abnormalities are mentioned. So much 
disjointed information can hardly fail to confuse the reader. The title is ‘Methods 
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of Clinical Diagnosis,’ and yet the book always furnishes numerous diagnoses to 
be considered. One asks oneself, Should 389 pages include all the details of a 
system of medicine? 

The most useful chapters are those dealing with the Systems. These are con- 
densed chapters serving to coordinate the specialized departments—The Cardio- 
vascular System, The Respiratory System and Mediastinum, The Gastro-Intestinal 
System, The Nervous System, The Urino-Genital System, The Haemopoietic 
System, The Skeletal System, The Integumentary System, The Ductless Glands, 
The Eye, The Ear, Nose and Throat, The Examination of Children. 

An example of the authors’ preference is shown by the 98 pages on the nervous 
system as compared with the 4 pages on the ductless glands. (Not that 98 pages 
are enough for the nervous system.) 

We doubt the advisability of attempting to outline clinical pathology in 30 
pages. Inshort, weshould have found the book much more useful if it were simply 
a good clinician’s account of clinical methods with an occasional case as an illus- 
tration. If the student must be limited to one small book from which to learn his 
medicine this would be an invaluable volume. If, however, he has access to other 
textbooks, the importance of this one decreases very materially. And, after all, 


who can learn coordination of the senses from a book? 
H. M. T., Jr. 


The Young Man and Medicine. By Lewettys F. Barker, M.D., LL.D. 202 
pp. $2.50. (The MacMillan Company, New York, 1928.) 

This is an excellent treatise and serves admirably the purpose of the “Vocational 
Series’’ to which it belongs. The aim of the writer has been to aid young men who 
have not yet come to a decision as to their choice of a career, but more especially 
those who are contemplating the study of medicine or who are actively engaged 
in it. 

The first chapter is introductory in character and deals with the general subject 
of choosing a vocation. The second, which is the meat of the book, contains a de- 
tailed and comprehensive analysis of the services rendered by the medical pro- 
fession to modern social organization. The third chapter deals with the personal 
rewards and satisfactions accruing to those who select medicine as a career, while 
in an appendix is given information concerning personal qualifications desirable 
for a career in medicine, preliminary preparation and choice of a medical school. 

The book is attractively written and, while containing much wholesome ad- 
vice for the student and physician, is also fruitful in suggestions as to how medical 
education may be improved. Of interest is the short historical account of the 
development of the “‘full-time”’ idea of clinical teaching, a development in which 
the author played an important role, although he gives most of the credit for the 
idea to the late Franklin P. Mall. Interesting, too, is the condemnation of the 
class system in American Medical Schools as “absurd,” a point of view now shared 
by many medical educators. As a detailed and accurate exposition of the possi- 
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bilities offered by the profession of medicine, it can be warmly recommended to 
deans or to teachers whose function it is to advise those contemplating the study 
of this discipline. Nor is its usefulness limited to the prospective medical student; 
it could be read with profit by some of his future instructors. A. M.C, 


A Text-Book of Pathology. By Francis DELAFIELD, M.D., LL.D., and T. Mitcu- 
ELL PruppeN, M.D., LL.D. Thirteenth edition. Revised by Francis Car- 
ter Wood, M.D. 8°. 1354 pages. $10.00. (William Wood and Company, 
New York, 1925.) 

One’s first approach to a textbook of any sort is accompanied by a desire to 
find in it a viewpoint on the part of the author which represents an innovation in 
the attitude of the workers in the field toward the subjects to be considered. Per- 
haps such an expectation dooms one to disappointment in the majority of cases. 
In Wood’s edition of Delafield and Prudden’s Pathology we are relieved of a least 
half of the disappointment, for the text is divided into two main parts, one of 
which deals with the general consideration of pathological processes in an attempt 
to understand them from the viewpoint of cause and effect. The sections on in- 
fectious diseases, diseases produced by animal parasites, progressive and regressive 
changes in tissues as the result of injuries of some form, are full of facts which, 
however, are not always set forth in such a way as to save one from some ennui 
in their acquisition. This first section is by far the more interesting and the more 
satisfying. The second full discussion, written entirely from the old point of 
view, and under the heading of “Special Pathology,” consists of hardly more than 
an enumeration of the conditions which may be found in the individual organs or 
systems. Such a presentation of material is useful from the standpoint of refer- 
ence, but the reading of this section leaves one with a tantalized appetite for a 
more rational consideration such as can be found only in a text written from the 
standpoint of general disease processes, caused by specific agents, whether known 
or unknown does not matter. There are times when a consideration of pathologi- 
cal processes as they appear in the individual organs rather than as they are related 
to similar processes in other organs, is desirable, but such a treatment appears 
more suitable to a treatise devised for diagnostic reference than to one planned 
for instruction in general pathology. 

Although the text often leaves one still anxious for more details, this defect is 
quite frequently compensated for by an excellent bibliography. The references 
to the literature are numerous and well classified as to content. 

In a book so profusely illustrated it is hardly to be expected that all plates 
should approach perfection. Drawings and photographs are used to illustrate 
the usual lesions. Colored plates, which are beautifully done, brighten the luster- 
less text. The photographs, which are generally good, are uniformly better than 
the drawings, the latter being often hardly more than schematic representations. 

As a book of facts, Delafield and Prudden’s Pathology will continue to play a 
useful réle. It should not be expected, however, to suffice as a source of pleasur- 
able reading. W. D. F. 
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Handbook of Diseases of the Ear. By RicHarp LAKE and E. A. Peters. 310 
pp. $4.00. Fifth Edition. (Wm. Wood and Co., New York.) 

This book, written primarily for students and practitioners, presents a great 
many facts in rather concise form. Possibly, however, the student of otology, 
using this text as a guide, might sometimes become rather confused and find that 
he was not in complete accord with the best modern thought on the subject. 
For example, in discussing nystagmus, the authors indicate the direction accord- 
ing to the slow component, but inasmuch as the usual custom is arbitrarily to take 
the quick component as the direction of nystagmus, confusion is apt to result 
unless their initial statement is borne in mind (page 26). 

The statement that “tonsils, if visible, should be enucleated”’ in the treatment 
of otosclerosis is a very broad one and might result in much unnecessary surgical 
interference. 

It is a bit surprising that a modern text does not mention the advisability of 
using a nasopharyngoscope in the examination and treatment of eustachian tube 


conditions. 


J. W.B. 


Oxford Medical Publications. Clinical Researches in Acute Abdominal Disease. 
By Zacuary Corr, B.A., M.D., M.S. (Lond.), F.R.C.S. (Eng.). Second 
Edition. (Humphrey Milford, Oxford University Press, London.) 

The logical easy approach to the various subjects, the habit of summarizing 
the results, the large print and plentiful illustrations make this a very easily read- 
able little book. 

The second edition is practically a replica of the first, for the first nine chapters 
It has, in addition, three extra chapters entitled Extravasation of Bile, Acute 
Ascending Parenchymatous Enteritis Causing Paralytic Ileus, and lastly Shock 
and Collapse with Special Reference to Acute Abdominal Disease. 

Of particular interest in these new chapters was the occurrence of retroperitoneal 
extravasations of bile with two illustrative cases in the first; the number of enter- 
ostomies (3) and anastomoses (4), that the patient withstood and still apparently 
had maintained fairly normal function, even with jejunum anastomosed to colon, 
in the second; while the author’s new definition, division of symptomatology, and 
schema of shock are of special interest in the last chapter. 

Points that impress one and that are certainly not much stressed at this hospi- 
tal, either to the student or interne staff, appearing in the earlier chapters were as 
follows: First, the use of areas of hyperaesthesia in the diagnosis of acute ab- 
dominal conditions; second, the frequent occurrence and localizing value of 
phrenic shoulder pain in the same conditions; third, the occurrence of testicular 
pain, painful urination and other genito-urinary symptoms with acute appendi- 
citis, and finally the use of the ‘‘Femoral Test’’ for hypogastric peritonitis. 


j.c.o. 
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Louis. $2.00. 
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written by J. E. R. McDonagh, F.R.C.S. With eighty-nine illustrations, 
including seven color plates. 1927. 8°. 237 pages. The C. V. Mosby 
Company, St. Louis. $5.50. 

A Text-Book of Histology. Arranged upon an Embryological Basis. By Dr. 
Freperic T. Lewis and Dr. J. L. Bremer. This is a revision of the second 
edition of Lewis and Stohr’s Textbook of Histology, based on the fifteenth 
German edition of Stohr’s Histology. Four hundred and eighty-five illus- 
trations of which thirty-two are in color. 1927. 8°. 551 pages. P. Blak- 
iston’s Son & Co., Philadelphia. $6.00. 

A Text-Book of Medicine. For Students in Schools of Nursing. By A. S. BLum- 
GARTEN, M.D., F.A.C.P. 1927. 8°. 530 pages. The Macmillan Company, 
New York. 

Modern Medicine. Its Theory and Practice. In original contributions by Ameri- 
can and foreign authors. Edited by Sir William Osler, Bart., M.D., F.R.S. 
Third edition, thoroughly revised. Re-edited by Thomas McCrae, M.D. 
Assisted by Elmer H. Funk, M.D., Volume V. Diseases of the Blood— Dis- 
eases of the Lymphatic System—Diseases of the Ductless Glands— Diseases 
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8, 1927. 176 pages. University of California Press, Berkeley, California. 
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New York State Depariment of Health. Standard Methods of the Division of 
Laboratories and Research. General Laboratory Procedures and the Meth- 
ods Used in the Department for the Preparation of Media and Glassware, 
etc. 1927. 8°. 704pages. The Williams & Wilkins Company, Baltimore. 

Diseases of the Mouth. By Strerumnc V. Meap, D.D.S. With 274 original illus- 
trations in the text and 29 full page color plates. 1927. 8°. 578 pages. 
The C. V. Mosby Company, St. Louis. $10.00. 

Special Dental Pathology. A Treatise for Students and for Practitioners of Den- 
tistry and Medicine. By Jutio ENDLEMAN, M.S., D.D.S.,F.A.C.D. Second 
edition. With 371 illustrations, of which 318 are original, and 4 color 
plates. 1927. 8°. 444 pages. The C. V. Mosby Company St. Louis, 
$7.00. 

Diseases of the Skin. By Henry H. Hazen, A.M., M.D. Third edition. Two 
hundred forty-eight illustrations, including two color plates. 1927. 8°. 
572 pages. The C. V. Mosby Company, St. Louis. $10.00. 

An Introduction to Clinical Perimetry. By H. M. Traquair, M.D., F.R.C.S. 
Ed. With 164 illustrations and a coloured plate. 1927. 4°. 264 pages. 
The C. V. Mosby Company, St. Louis. $13.50. 

The Normal Diet. A Simple Statement of the Fundamental Principles of Diet 
for the Mutual Use of Physicians and Patients. By W. D. Sansum, M.S., 
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